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Abstract
In this note, we gauge the rigid vectorial supersymmetry of the two-dimensional Poisson
sigma model presented in arXiv:1503.05625. We show that the consistency of the
construction does not impose any further constraints on the differential Poisson algebra
geometry than those required for the ungauged model. We conclude by proposing that
the gauged model provides a first-quantized framework for higher spin gravity.
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1 Introduction
The original two-dimensional Poisson sigma model [1, 2] provide a quantum field the-
oretic implementation [3] of Kontsevich’s formality theorem [4], which states that,
modulo the issue of ordering prescriptions, there is one-to-one correspondence between
algebras of functions equipped with Poisson brackets and nonlocal products that are
noncommutative and associative, known as star products. More precisely, the Feyn-
man diagrammatic expansion of the Poisson sigma model [3] reproduces Kontsevich’s
star product in the case of Poisson manifolds of Rn topology.
It is natural to ask whether there exists an extension of the star product to dif-
ferential forms that is manifestly covariant and compatible with a nilpotent operator
that deforms the de Rham differential, referred to as differential star product algebras.
Indeed, at the semi-classical level, the Poisson algebras of functions can be extended to
differential forms that are compatible with the de Rham differential [5, 6], also known
as differential Poisson algebras. Following the algebraic approach, these algebras have
been shown [7, 8, 9] to admit deformations that yield differential star product algebras
up to second order in the deformation parameter, except in the torsion free symplectic
case where the star product is given by a covariantized Moyal formula to all orders.
In [10], we have constructed a natural extension of the original Poisson sigma model
by including vectorial fermions, and proposed that its perturbative quantization yields
the full differential star product algebra on a manifestly covariant format. A key
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feature of this model is that, besides its gauge symmetries, it exhibits a rigid nilpotent
supersymmetry, i.e. a symmetry generated by a holonomic vector field, that is the
vectorial superspace counter part of the de Rham differential on the original bosonic
Poisson manifold.
In this technical note, we show that it is possible to gauge this holonomic symmetry,
following the standard Noether approach, without the need to impose any further
constraints on the differential Poisson algebra geometry. This construction opens up a
framework for constructing topological open string fields theories within the framework
of Cartan integrable systems. In particular, based on [11, 12, 13], we propose that
models of these type may provide first-quantized formulations of higher spin gravities,
as we shall comment on further in the Conclusions.
The paper is organized as follows: Section 2 describes the basic features of the
ungauged model and its proposed usage in deformation quantization. The gauged
model is formulated and analyzed in Section 3, with particular attention paid to its
universal Cartan integrability. We conclude with a proposal for higher spin gravity in
Section 4. Appendix A contains some useful identities for tensor calculus on Poisson
manifolds.
2 The ungauged model
2.1 General framework
While we are here going to focus on a particular class of two-dimensional models, related
to associative free differential algebras, these models are part of a larger framework
for constructing homotopy associative quantum algebras with free differentials based
on topological open p-branes [14, 15, 16, 17]. The basic idea is to use perturbative
quantization on the worldvolumes to deform the semi-classical algebras of differential
forms Λ(N) on graded target space manifolds N . As proposed in [10], in order to
include elements in Λ(N) of arbitrary degrees, the manifold N should be extended to a
vectorial superspace TfN , in the sense that for each coordinate of N , X
α say, of degree
pα, one introduces a fermionic partner, Θ
α, of the same degree. Thus, the bundle TfN
has local vectorial supercoordinates (Xα,Θα) with bi-grading
deg(Xα,Θα) = (pα, pα) , ǫf(X
α,Θα) = (0, 1) . (1)
As for the rest of the construction, following the usual procedure, additional momentum
variables, say (Pα, λα), are introduced, with
deg(Pα, λα) = (p− pα, p − pα) , ǫf(Pα, λα) = (0, 1) . (2)
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playing the role of Lagrange multipliers on the worldvolume. Thus, the sigma model
map ϕ : Mp+1 → N sends the worldvolume to a target bundle N over TfN that is
(N,Z2)-graded, in the sense that all tensorial objects O over N have a degree deg(O)
and an additional Grassmann parity ǫf(O). Finally, in order to have well-defined semi-
classical algebra the Koszul sign convention is taken to be
OO′ = (−1)deg(O)deg(O
′)+ǫf(O)ǫf (O
′)O′O . (3)
The classical action of the extended model with fermions takes the same form as that
of the original bosonic model, viz.
Scl =
∫
Mp+1
ϕ∗(ϑ−H) , (4)
where ϑ is the presymplectic form on N and H is a generalized Hamiltonian obeying
{H,H} = 0, using the bracket defined by the symplectic form Ω = dϑ. By means
of the AKSZ procedure [18], the classical action can then be extended further to a
Batalin–Vilkovisky [19, 20, 21] (quantum) master action with AKSZ superfields with
distinct total degree | · |, equal to the sum of ghost number and (classical form) degree,
and Grassmann parity; the Koszul sign convention now takes the form
OO′ = (−1)|O||O
′|+ǫf(O)ǫf (O
′)O′O . (5)
In particular, working on N , the differential d on N , which has
deg(d) = 1 , ǫf(d) = 0 , (6)
can be realized as a holonomic vector field δf on TfN , which has
deg(δf) = 0 , ǫf(δf) = 1 , (7)
by mapping p-forms ω on N to zero-forms fω on TfN that are p-linear functions of the
fermionic fiber coordinates, viz.
ω = 1
p!dX
α1 ∧ · · · ∧ dXαpωα1···αp 7→ fω =
1
p!Θ
α1 · · ·Θαp ωα1···αp , (8)
and taking
δfX
α = Θα , δfΘ
α = 0 . (9)
2.2 Differential Poisson algebras
As for the underlying target space geometry, upon going to canonical coordinates, the
expansion of the Hamiltonian in momenta yields a set of mutually compatible poly-
vector fields and related geometric structures on N (including pre-connections), that
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constitute graded (anti-)symmetric brackets obeying natural graded generalizations of
Leibniz’ rule and the Jacobi identity, defining a generalized differential Poisson algebra
on N . The deformation quantization of such brackets can be achieved following a
purely algebraic approach. In particular, the algebra of zero-forms on a manifold N
of degree 0 equipped with an ordinary bi-vector field Π = Παβ∂α ∧ ∂β obeying the
Poisson condition {Π,Π}Schouten = 0, such that the Poisson bracket {f, g} = Π(df, dg)
between zero-forms obeys the Jacobi identity, can be deformed to an associative algebra
equipped with Kontsevich’s star product.
The semi-classical Poisson bracket algebra can be extended to a differential Poisson
algebra with a Poisson bracket between general differential forms that is compatible
with the de Rham differential. This extension can be achieved by introducing a connec-
tion one-form Γαβ = dφ
γΓαγβ and an additional tensorial one-form S = dφ
αS
βγ
α ∂β⊙∂γ ,
such that the bracket between a function f and a one-form ω reads
{f, ω} = Παβ∂αf∇βω + (∇˜Π
αβ + Sαβ)∂αfıβω , (10)
where ∇˜ is defined using the connection one-form Γ˜αβ = dφ
γ Γ˜αγβ where Γ˜
α
γβ = Γ
α
γβ+T
α
βγ ,
i.e. ∇˜ω = ∇ω+2ıTω where T is treated as a vector-valued differential two-form. It is
convenient to work with a connection that annihilates the Poisson structure, that is,
to make the following compatibility assumption:
∇˜αΠ
βγ = 0 . (11)
Its integrability requires that the curvature two-form R˜αβ =
1
2dφ
γ ∧ dφδR˜γδ
α
β obeys
R˜αβ := ΠβγR˜αγ = R˜
βα , (12)
and, as shown in the Appendix, that
Πλ[β
(
Rλǫ
γ]
α +Rαλ
γ]
ǫ −∇λT
γ]
ǫα
)
= 0 . (13)
Assuming in addition that S = 0, the resulting Poisson bracket between two differential
forms ω and η can be written as
{ω, η} = Παβ∇αω ∧ ∇βη + (−1)
deg(ω)R˜αβıαω ∧ ıβη , (14)
where the last term thus ensures that d{ω, η} = {dω, η} + (−1)deg(ω){ω, dη}. As has
been shown in [5, 6, 7, 8, 9], the graded Jacobi identities hold provided that the torsion
and the curvature obey integrability conditions, listed below in Eqs. (22)–(25).
We would like to remark that whereas there is no obstruction to deforming a Poisson
bracket into a star product in a space of zero-forms, which is one of the main results of
Kontsevich’s formality theorem, there is to our best understanding no classification of
the obstructions, if any, to deforming a differential Poisson algebra into a differential
star product algebra.
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2.3 2D Poisson sigma model with holonomic symmetry
Returning to the field theoretic point-of-view, the natural approach towards the
deformation quantization of the aforementioned bracket structures thus consists of
coupling the underlying integrable geometric structures to open topological p-branes,
as outlined above. One can then treat the classical differential forms as symbols for
boundary vertex operators, with the aim of obtaining the differential star product
algebra perturbatively using the AKSZ formalism, which we leave for future work.
As far as the deformation of standard Poisson brackets between zero-forms is con-
cerned, the perturbative quantization of the two-dimensional Ikeda–Schaller–Strobl
Poisson sigma model [1, 2] was shown by Cattaneo and Felder [3] to re-produce Kon-
sevich’s explicit star product formula on N = Rn [4], indeed without encountering any
obstructions albeit on a non-manifestly covariant form.
More recently, in [10], we have proposed that the manifestly covariant deformation
quantization of the differential Poisson algebra, including differential forms in higher
degrees, can be achieved starting from the aforementioned natural extension of the
Ikeda–Schaller–Strobl model, which thus facilitates the mapping (8) of line-elements
dφα on N , with degree one and fermion number zero, to the fiber coordinates θα on
TfN , with degree zero and fermion number one.
To write the model down, one thus introduces momenta ηα and χα for φ
α and θα,
which thus have degrees one and fermion numbers zero and one, respectively. The
classical action is now given by [10]
S0 =
∫
M2
(
ηα ∧ dφ
α + 12Π
αβηα ∧ ηβ + χα ∧∇θ
α + 14R˜γδ
αβχα ∧ χβθ
γθδ
)
, (15)
where the field variables (φα, ηα; θ
α, χα) are assigned form degrees deg2(·) on M2 and
an additional Grassmann parity ǫf(·) as follows:
φα ηα θ
α χα
deg2 0 1 0 1
ǫf 0 0 1 1
In the target space, the fields φα are local coordinates of the base manifold N of
a bundle T ∗[1, 0]N ⊕ T ∗[1, 1]N ⊕ T [0, 1]N with fiber coordinates (ηα, χα, θ
α), where
T ∗[m, ǫ]N is obtained from T ∗N ≡ T ∗[0, 0]N by replacing the fiber coordinates by new
fiber coordinates with degree m and Grassmann parity ǫ, idem T [m, ǫ]N . The sigma
model map ϕ :M2 → N induces a bundle over M2 as follows:
ϕ∗
(
T ∗[1, 0]N ⊕ T ∗[1, 1]N ⊕ T [0, 1]N
)
=
(
ϕ∗(T ∗[0, 0]N) ⊗ T ∗M2
)
⊕
(
ϕ∗(T ∗[0, 1]N) ⊗ T ∗M2
)
⊕ ϕ∗(T [0, 1]N) , (16)
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whose sections we denote by (ηα, χα, θ
α) as well, for simplicity of notation. The co-
variant derivatives on M2 of these sections are given by
∇θα = dθα + dφβΓαβγθ
γ ,
∇ηα = dηα − dφ
γΓβγαηβ ,
(17)
idem χα. As shown in [10], the equations of motion, which read
Rφ
α
0 := dφ
α +Παβηβ = 0 , (18)
Rθ
α
0 := ∇θ
α + 12R˜γδ
αβχβθ
γθδ = 0 , (19)
Rηα0 := ∇ηα +
1
4∇αR˜δǫ
βγχβ ∧ χγθ
δθǫ +Rαγ
β
δχβ ∧ dφ
γθδ = 0 (20)
Rχα0 := ∇χα −
1
2R˜αδ
βγχβ ∧ χγθ
δ = 0 , (21)
form a universally Cartan integrable system provided that the background fields obey
the conditions
Πδ[αT βδǫΠ
γ]ǫ = 0 , (22)
ΠαρΠσβRρσ
γ
δ = 0 , (23)
Παλ∇λR˜βγ
ρσ = 0 , (24)
R˜ǫ[ρ
(αβR˜σλ]
γ)ǫ = 0 , (25)
which in their turn are equivalent to that the Poisson bracket (14) obeys the graded
Jacobi identities. More precisely, the integrability of the constraint on Rφ
α
requires
Eqs. (22)–(24), while the integrability of the remaining constraints requires Eqs. (23)–
(25). In fact, decomposing the constraints into Young tables (not subtracting any
traces), one finds that the covariant derivatives of (22) and (23) contain parts of (23)
and (24), respectively, while all of (25) is contained in the covariant derivative of (24).
The compatibility of the bracket (PB) with the exterior derivative translates into
the fact that the action has a rigid holonomic symmetry, denoted by δf, which acts on
the fields as follows:
δfφ
α = θα ,
δfθ
α = 0 ,
δfηα = Γ
β
αγηβθ
γ + 12R˜βγ
δ
α χδ θ
βθγ ,
δfχα = −ηα − Γ
β
αγχβθ
γ . (26)
The supersymmetry invariance of the action can be made manifest by re-writing its
Lagrangian on the following δf-exact form:
S0 =
∫
M2
δfV , (27)
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where the functional V , which is a fermionic two-form, is given by
V = −χα ∧
(
dφα + 12Π
αβηβ
)
, (28)
where we have used (11). The corresponding Noether current is given by
Jf = ηαθ
α − 12T
α
βγχαθ
βθγ . (29)
In computing dJf on-shell, the coefficient of the χ
2θ3 term can be seen to vanish using
Eq. (84) and the Bianchi identity (87) for the Riemann tensor. The coefficient of the
ηχθ2 term cancels by virtue of the relation between the curvatures of Γαβγ and Γ˜
α
βγ in
(86) and the torsion Bianchi identity (88).
3 The gauged model
In this section, following the standard Noether procedure adapted to the generalized
Hamiltonian format, we shall derive a classical action for a version of the above sigma
model in which the rigid supersymmetry is gauged. That is, we shall add two fields to
the model, namely a fermionic one-form ψ, whose role is covariantize all the derivatives,
and its fermionic zero-form Lagrange multiplier λ. As we shall see, at the classical level,
the gauging is consistent without imposing any further restrictions on the background
Poisson geometry than those already underlying the construction of the ungauged
model.
As already remarked, whether the model actually remains consistent at the quan-
tum level, and whether there exists any related extension of Kontsevich’s formality
theorem to the deformation of differential Poisson algebras, remains to be investigated
further. In particular, it would be interesting to examine carefully potential anomalies
in the Noether current and the conditions on the background in order to avoid or cancel
these. We would also like to remark that one may think of ψ as a gravitino field for
an abelian superalgebra without any bosonic generator, which may be of importance
in introducing further gaugings in order to construct topological open string models,
that in particular could serve as microscopic origins for higher spin gravities.
3.1 The action
In order to gauge the holonomic vector field δf we introduce a fermionic one-form ψ
gauge field and its corresponding fermionic zero-form momentum λ, and couple ψ to
the Noether current (29). The resulting gauged model is described by the classical
action
S = S0 +
∫
M2
(
ψ ∧ Jf + λdψ +
c
2ψ ∧ ψ
)
, (30)
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or more explicitly,
S =
∫
M2
(
ηα ∧ (dφ
α − ψθα) + 12Π
αβηα ∧ ηβ + χα ∧ (dθ
α + (dφβ − ψθβ)Γαβγθ
γ)
+ 14R˜γδ
αβχα ∧ χβθ
γθδ + λdψ + c2ψ ∧ ψ
)
, (31)
where c is a real parameter that cannot be fixed as we are gauging an abelian symmetry.
As for the degrees deg2(·) on M2 and the additional Grassmann parity ǫf(·), we have
the following assignments:
φα ηα θ
α χα ψ λ
deg2 0 1 0 1 1 0
ǫf 0 0 1 1 1 1
3.2 Equations of motion
We have the following equations of motion:
Rφ
α
:= Rφ
α
0 − ψθ
α = 0 , (32)
Rθ
α
:= Rθ
α
0 −
1
2ψ T
α
βγ θ
βθγ = 0 , (33)
Rηα := Rηα0 − ψ ∧
(
Rαγ
β
δ χβ θ
γθδ + T βαγ ηβ θ
γ + 12R˜βγ
δ
α χδ θ
βθγ
)
= 0 (34)
Rχα := Rχα0 + ψ ∧
(
ηα + T
γ
αβ χγ θ
β
)
= 0 , (35)
Rψ := dψ = 0 , (36)
Rλ := dλ− Jf − cψ = 0 , (37)
The Cartan curvatures (Rφ
α
,Rθ
α
,Rχα ,Rψ ,Rλ) are proportional to the functional
derivatives of S with respect to (η, χ, θ, λ, ψ), respectively, while (34) has been
obtained from
δS
δφα
= dηα +
1
2∂αΠ
βγηβ ∧ ηγ +
(
Γγαβdχγ − χγ ∧ dΓ
γ
αβ + ∂αΓ
γ
δβχγ ∧ (dφ
δ − ψθδ)
)
θβ
− Γγαβχγ ∧ dθ
β + 14∂αR˜βγ
δǫχδ ∧ χǫθ
βθγ , (38)
by rewriting ∂αΠ
βγηβηγ using R
φα = 0 and ∇˜αΠ
βγ = 0, and the quantities dχγΓ
γ
αβθ
β
and χγΓ
γ
αβdθ
β using Rχα = 0 and Rθ
α
= 0, respectively.
Alternatively, upon defining
Dφα = dφα − ψθα , Dθα = ∇θα − 12ψθ
βTαβγθ
γ , (39)
Dηα = ∇ηα +
1
2ψθ
βT
γ
βα ∧ ηγ , Dχα = ∇χα +
1
2ψθ
βT
γ
βα ∧ χγ , (40)
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the equations of motion take the form
Dφα +Παβηβ = 0 , (41)
Dθα + 12R˜γδ
αβ χβ θ
γθδ = 0 , (42)
Dχα −
1
2R˜αβ
γδχγ ∧ χδθ
β + ψ ∧
(
ηα +
1
2T
γ
αβ χγ θ
β
)
= 0 , (43)
Dηα +Rαγ
β
δ χβ ∧Dφ
γθδ + 14∇αR˜δǫ
βγχβ ∧ χγ θ
δθǫ − 12ψ ∧
(
R˜βγ
δ
α χδ θ
βθγ + T γαβ ηγθ
β
)
= 0 . (44)
This more geometric form of writing the equations is less useful, however, for verifying
the Cartain integrability, as the on-shell value of the D2 operator is more involved than
that of the ∇2 operator, as can be seen by comparing
D2φα = 12Π
βδΠγǫTαβγηδ ∧ ηǫ −
1
2ψ ∧
(
ΠγδTαβγηδθ
β + R˜γδ
αβχβθ
γθδ
)
, (45)
D2θα = −ψ ∧
(
ΠγǫRβγ
α
δηǫθ
βθδ + 14T
α
βγR˜δǫ
βρχρθ
δθǫθγ + 12Π
δρ∇δT
α
βγηρθ
βθγ
)
, (46)
D2χα = −ψ ∧
(
ΠδǫRγδ
β
αηǫ ∧ χβθ
γ − 14T
γ
βαR˜δǫ
βρχρ ∧ χγθ
δθǫ + 12Π
δǫ∇δT
γ
βαηǫ ∧ χγθ
β
)
+12ψ ∧ ψ ∧
(
Rγδ
β
αχβθ
γθδ − 12T
β
δρT
γ
βαχγθ
δθρ +∇δT
γ
βαχγθ
βθδ + 12T
γ
βαT
ρ
ǫγχρθ
βθǫ
)
, (47)
and a similar expression for D2ηα, with
∇dφα = 12Π
βδΠγǫTαβγηδ ∧ ηǫ − ψ ∧Π
γδTαβγ ηδ θ
β − 12ψ ∧ ψ T
α
βγθ
βθγ , (48)
∇2θα = −ψ ∧ΠδǫRγδ
α
βηǫθ
γθβ − 12ψ ∧ ψRγδ
α
βθ
γθδθβ , (49)
∇2ηα = ψ ∧Π
δǫRγδ
β
αηǫ ∧ ηβθ
γ + 12ψ ∧ ψRγδ
β
αηβθ
γθδ , (50)
∇2χα = −ψ ∧Π
δǫRγδ
β
αηǫ ∧ χβθ
γ + 12ψ ∧ ψRγδ
β
αχβθ
γθδ , (51)
where ΠαβΠγδRβδ
ǫ
λ = 0 has been used repeatedly, and the torsion Bianchi identity
Eq. (88) has been used to cancel the ψ2-terms in D2θα. Thus, in what follows, we shall
verify the integrability of the equations of motion by acting with ∇ on the generalized
Cartan curvatures.
3.3 Universal Cartan integrability
Letting Ri = (Rφ
α
,Rθ
α
,Rηα ,Rχα ,Rψ,Rλ), sometimes referred to as the Cartan cur-
vatures, we are going to show that there exists a field dependent matrix M ij such that
the obstructions
Ai := ∇Ri +Rj ∧M ij (52)
defined off-shell, vanish on base manifolds of arbitrary dimensions, essentially by virtue
of Eqs. (22)–(25) and the compatibility condition (11) and its consequences (12) and
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(13). In other words, the equations of motion form a universally Cartan integrable sys-
tem on the base manifold, that is, the field variables generate a free differential algebra
on-shell, by virtue of the fact that the target space geometry describes a differential
Poisson algebra.
In order to analyze the above problem, one first computes ∇Ri off-shell, and
one may then proceed on-shell by first using the identities (48)–(51) and then sim-
plify the expressions further by means of identities involving the background fields.
In doing so, we shall not keep track of the matrix M ij , and we shall expand A
i =
Ai0 + ψ ∧ A
i
1 +
1
2ψ ∧ ψ ∧ A
i
2, where thus A
i
0 vanish due to Eqs. (22)–(25), (11) and
(12) (but not (13)), as was shown in [10]. Thus, we only need to analyze the potential
obstructions from Ai1 and A
i
2. As we have already stressed, we shall see that these
obstructions vanish without any further conditions on the background (though the
vanishing of Aηα requires Eq. (13)).
Aψ: This quantity vanishes identically because ∇dψ = ddψ = 0.
Aλ: As ∇dλ = 0 and ∇ψ = dψ = 0, we have to check that dJf remains closed on-shell
in the gauged model. Indeed, the ψχθ3 term vanishes identically due to the relation
(86) and the torsion Bianchi identity.
Aφ
α
: The ψχθ2 and ψ2θ2 terms cancel uneventfully while the coefficient of the ψηθ
term cancel as a consequence of the compatibility assumption (89).
Aθ
α
: The ψηθ2 term can be seen to cancel using the relation (86) and the torsion
Bianchi identity (88). The ψχθ3 term vanishes by virtue of (84) and the Bianchi iden-
tity (87) for the Riemann tensor of Γ˜. The ψ2θ3 term can be cancelled using the
Bianchi identity for the Riemann tensor of Γ.
Aχα : The ψηχθ term can be cancelled by first using (86) and then the torsion Bianchi
identity (88). The ψχ2θ2 terms caan be seen to vanish by first using (84) and then the
Bianchi identity (87) for the Riemann tensor of the connection Γ˜. Finally, the ψ2θ2χ
terms cancel due to (86).
Aηα : The verification of the vanishing of this obstruction is less straightforward than
the previous ones. The ψη2θ term cancels due to the identity (13) (which was not
needed in checking the Cartan integrability of the ungauged model). The coefficient of
the ψχ2θ3 term is proportional to the covariant derivative of the Bianchi identity for
the Riemann tensor of the connection Γ˜, that is, ∇µ(∇˜[αR˜βγ]
δǫ− T˜ λ[αβR˜γ]λ
δǫ) = 0. One
can furthermore check that the ψχηθ2 term vanishes using (86) and the two Bianchi
identities (87) and (88). The coefficient of the ψ2ηθ2 term can be seen to vanish using
(86). Finally, the ψ2χθ3 term can be cancelled by first using (84) and then the Bianchi
identity (87) for the Riemann tensor.
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3.4 Gauge transformations
Following the general procedure [22] outlined in [10], we use Rφ
α
to eliminate dφα, as
to write the equations of motion as
R̂φ
α
= dφα +Παβηβ − ψθ
α , (53)
R̂θ
α
= dθα −ΠβγΓαβδηγθ
δ + 12 R˜γδ
αβχβθ
γθδ , (54)
R̂ηα = dηα +Π
βγΓδβα ηγ ∧ ηδ +Π
γλRαγ
β
δ ηλ ∧ χβθ
δ + 14∇αR˜δǫ
βγχβ ∧ χγθ
δθǫ ,
− ψ ∧
(
Γβαγηβθ
γ + 12R˜βγ
δ
αχδθ
βθγ
)
, (55)
R̂χα = dχα +Π
βγΓδβαηγ ∧ χδ −
1
2 R˜αδ
βγχβ ∧ χγθ
δ + ψ ∧
(
ηα + Γ
β
αγχβθ
γ
)
, (56)
R̂ψ = dψ = 0 , (57)
R̂λ = dλ− ηαθ
α + 12T
α
βγχαθ
βθγ − cψ = 0 . (58)
Since these curvatures are on the canonical form
R̂i := dZi + Q̂i(Zj) = 0 , Zi = (φα, ηα; θ
α, χα;ψ, λ) , (59)
where thus Q̂i is a Q structure, viz.
Q̂i ∧
∂
∂Zj
Q̂j = 0 , (60)
the universal Cartan integrability amounts to the generalized Bianchi identities
dR̂i + R̂j ∧
∂
∂Zj
Q̂i = 0 . (61)
The on-shell gauge transformations are consequently given by
δZi = dǫi − ǫj
∂
∂Zj
Q̂i , modulo R̂i , (62)
where ǫi = (0, ǫ
(η)
α ; 0, ǫ
(χ)
α ; ǫ(ψ), 0) are gauge parameters with degrees and Grassmann
parities given by
ǫ
(η)
α ǫ
(χ)
α ǫ
(ψ)
deg2 0 0 0
ǫf 0 1 1
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Applying the above general formalism to the present model, the infinitesimal on-shell
gauge transformations are found to be
δφα = −Παβǫ
(η)
β + ǫ
(ψ)θα , (63)
δθα = ΠβγΓαβδǫ
(η)
γ θ
δ − 12 R˜γδ
αβǫ
(χ)
β θ
γθδ , (64)
δηα = ∇ǫ
(η)
α −Π
βγΓδβαǫ
(η)
γ ηδ −Π
γλRαγ
β
δ ǫ
(η)
λ χβθ
δ +ΠγλRαγ
β
δ ηλǫ
(χ)
β θ
δ
−12∇αR˜δǫ
βγǫ
(χ)
β χγθ
δθǫ + ǫ(ψ)
(
Γβαγηβθ
γ + 12R˜βγ
δ
αχδθ
βθγ
)
, (65)
δχα = ∇ǫ
(χ)
α −Π
βγΓδβαǫ
(η)
γ χδ + R˜αδ
βγǫ
(χ)
β χγθ
δ − ǫ(ψ)
(
ηα + Γ
β
αγχβθ
γ
)
, (66)
δψ = dǫ(ψ) , (67)
δλ = ǫ(η)α θ
α − 12T
α
βγǫ
(χ)
α θ
βθγ + cǫ(ψ) . (68)
In particular, we note that the gauge transformation associated to the gauge parameter
ǫ(ψ) corresponds to the δf supersymmetric transformation (26), i.e.
δǫ(ψ)(φ
α, ηα; θ
α, χα) = ǫ
(ψ)δf(φ
α, ηα; θ
α, χα) , (69)
and moreover
δǫ(ψ)ψ = dǫ
(ψ) , δǫ(ψ)λ = c ǫ
(ψ) . (70)
Off-shell, it follows from the general formalism [22], that the gauge transformations are
given by
δZi = dǫi − ǫj
∂
∂Zj
Q̂i + 12ǫ
k R̂l
∂Ωkj
∂Z l
Pji , (71)
where we have introduced the symplectic two-form
Ω = dϑ = 12dZ
iOijdZ
j = 12dZ
idZjΩij , P
ikOkj = −δ
i
j , (72)
of degree three on the full target space N , with pre-symplectic structure
ϑ = ηα ∧ dφ
α + χα ∧ ∇θ
α + λdψ , (73)
treated as a one-form of N-degree two on N . Thus, the matrix Oij can be read off
from
Ω = 12
(
dφρ dηρ dθ
ρ dχρ dψ dλ
)


2∂[ρΓ
α
γ]βχαθ
β δρ
γ −Γαργχα −Γ
γ
ραθ
α 0 0
δργ 0 0 0 0 0
−Γαγρχα 0 0 −δρ
γ 0 0
Γργαθα 0 δργ 0 0 0
0 0 0 0 0 −1
0 0 0 0 1 0




dφγ
dηγ
dθγ
dχγ
dψ
dλ


.
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(74)
Moreover, the components Pji of the Poisson structure on N is given by
Pik =


0 −δσρ 0 0 0 0
−δσ
ρ Rσρ
α
βχαθ
β Γρσαθα −Γασρχα 0 0
0 Γσραθ
α 0 −δσρ 0 0
0 Γαρσχα δσ
ρ 0 0 0
0 0 0 0 0 −1
0 0 0 0 1 0


. (75)
Using the above four by four matrices is simple to show that PikOkj = −δ
i
j . If the con-
nection vanishes identically, then the off-shell modification of the gauge transformation
(71) vanishes.
4 Conclusions and remarks
Starting from the two-dimensional topological sigma model that was constructed in [10]
with the aim of covariantly quantizing differential Poisson algebras, we have shown that
it is possible to gauge its rigid supersymmetry without having to impose any further
constraints on the background fields. It remains to be examined whether the gauging
is consistent at the quantum level, which in particular would require that the charge
qf =
∮
Jf , (76)
of the Noether current (29), or a suitably improved version thereof, is nilpotent as an
operator, which may lead to extra conditions on the geometric structures of the differ-
ential Poisson algebra, e.g. its Ricci curvature Rαβ
β
γ . However, if such obstructions
were to arise, one might argue that they would do so already in the star product at
the first sub-leading order in the deformation parameter, but this is not the case, as
was shown in [8] following the algebraic approach to deformation quantization. This
suggests that there will not arise any obstruction at any order of perturbation theory,
which we plan to examine in a separate work.
One may ask for several natural generalizations of the present model: First of
all, it is possible to rewrite the action on a format more closely related to the original
Ikeda–Schaller–Strobl Poisson model [23] which facilitates the inclusion of the tensorial
one-form Sαβγ in Eq. (10) while preserving the rigid supersymmetry, as well as further
gaugings resulting in more general Q-structures than the de Rham differential. For
example, it would be interesting to gauge additional holonomic vector fields arising
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from complex structures on complex submanifolds, or sp(2) algebras associated to
submanifolds with conical metric structures.
Assuming quantum consistency, it is natural to expect that finite deformations of
the background can be modeled by an open string field Ψ obeying
{Q,Ψ}⋆ +Ψ ⋆Ψ = 0 , (77)
using the BRST operator
Q =
∮
γqf +Q
(η,χ) , (78)
where γ is a bosonic ghost γ and Q(η,χ) is built from the fermionic η and χ ghosts.
Drawing on recent results in higher spin gravity [12, 13], we propose that Ψ contains
a superconnection Z valued in the direct product of two copies of the differential
star product algebra on N , arising from zero-modes and winding-modes, and finite-
dimensional matrices forming a graded Frobenius algebra F with inner Klein operator
κ. Saturating the fermionic zero-modes by inserting a delta function in the path
integral, one may then argue that (77) contains the flatness condition
{κqf , Z}⋆ + Z ⋆ Z = 0 , (79)
where qf thus acts only on winding modes, and Z consists of even forms in the odd part
of F and odd forms in the even part of F , all valued in the associative (higher spin)
algebra generated by the bosonic zero-modes. Thus, if confirmed, our proposal would
provide a first-quantized framework for the duality extended Frobenius–Chern–Simons
formulation of higher spin gravity given in [12, 13].
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A Conventions and some useful identities
The covariant exterior derivative of a one-form ω = ωαdφ
α is given by
∇ωα = dωα − Γ
β
α ∧ ωβ , Γ
α
β = dφ
γΓαγβ . (80)
In terms of components, we have
∇ωα = dφ
β∇βωα , ∇αωβ = ∂αωβ − Γ
γ
αβωγ . (81)
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The curvature and torsion tensors
Rαβ
γ
δ = 2 ∂[αΓ
γ
β]δ + 2Γ
γ
[α|ǫΓ
ǫ
|β]δ , T
γ
αβ = 2Γ
γ
[αβ] . (82)
The square of the exterior covariant derivative acting on a one-form is
∇2ωα = −R
β
α ∧ ωβ , R
β
α =
1
2dφ
γ ∧ dφδRγδ
β
α . (83)
We also make use of the covariant derivative ∇˜ with connection one-form
Γ˜αβ = dφ
γ Γ˜αγβ = dφ
γΓαβγ , Γ˜
α
βγ = Γ
α
γβ = Γ
α
βγ − T
α
βγ , (84)
and curvature two-form
∇˜2ωα = −R˜
β
α ∧ ωβ , R˜
α
β =
1
2dφ
γ ∧ dφδR˜γδ,
α
β , (85)
where
R˜αβ
γ
δ = Rαβ
γ
δ − 2∇[αT
γ
β]δ + 2T
γ
[α|ǫT
ǫ
|β]δ − T
ǫ
αβT
γ
ǫδ . (86)
The component forms of the Bianchi identities for the Riemann tensor and the torsion
read as follows:
∇[αRβγ]
δ
ǫ − T
λ
[αβRγ]λ
δ
ǫ = 0 , (87)
and
R[αβ
γ
δ] = ∇[αT
γ
βδ] − T
ǫ
[αβT
γ
δ]ǫ , (88)
and, similarly, for the Γ˜ connection we have ∇˜[αR˜βγ]
δ
ǫ− T˜
λ
[αβR˜γ]λ
δ
ǫ = 0 and R˜[αβ
γ
δ] =
∇˜[αT˜
γ
βδ] − T˜
ǫ
[αβ T˜
γ
δ]ǫ.
The compatibility condition ∇˜αΠ
βγ = 0 can equivalently be written as
∇αΠ
βγ = −2Πδ[βT
γ]
αδ . (89)
The integrability of the compatibility condition implies that
R˜αβ
γδ := ΠδǫR˜αβ
γ
ǫ = R˜αβ
δγ . (90)
Alternatively, starting from the Ricci identity applied to the Poisson bi-vector, viz.
[∇ǫ,∇α]Π
βγ = −T δǫα∇δΠ
βγ − 2Rǫα
[β
δΠ
γ]δ , (91)
and using the identity (88), we find that the integrability of the compatibility condition
(89) can be phrased as that
Πλ[β
(
Rλǫ
γ]
α +Rαλ
γ]
ǫ −∇λT
γ]
ǫα
)
= 0 . (92)
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